Various difficulties are encountered when applying certain routine clinical chemistry procedures to biological material from patas monkeys. The wide range of results found in the immature monkey, together with findings which in the human subject would be grossly abnormal, are described.
Patas monkeys (Erylhocebus palos) have been used at Taplow since March 1968 for routine toxicological studies.
They are ground-living animals with red fur, a white chest, black face markings and a white moustache (Fig. 1) . They are known by various names relating to various sub-species, such as 'red monkey' (E. patas villiersi) from AIr, nisnas (E. patas pyrronutus), and 'red hussar' or 'military monkey' (Charles River, 1973) . They live in a wide area of west and central Africa from AIr and the southern Sahara down to the northern edge of the Cameroon and Congo forests, and as far east as Kenya (Hall, 1965) . The monkeys wild diet of fruit, berries, leaves, various seeds, grasshoppers, nuts and small lizards is substituted in captivity by pelleted diet and fruit such as apples, oranges and bananas .
.The application to th~m of methods designed for human work revealed various pitfalls to be overcome before any assessment of experimental work could start. Additionally, it was noted that large fluctuations of results occurred in tests on certain individual monkeys at different times. The necessity to explain one's caution in interpreting results from animals showing such a wide range of normal biological variation led to the production of the series of histograms which form part of this paper.
MATERIALS AND METHODS
Patas monkeys (Erythrocebus patas), caught in Nigeria and Chad and exported from Nigeria (Booth, 1969) , were obtained from Shamrock Farms (GB) Ltd, Upper Horton Farm, Small Dole, Henfield, BN5 9HX. Animals were caged individually and water was freely available. Diet consisted of modified 4lB pellets (Oxoid Ltd, Southwark Bridge Road, London, SEl 9HF) with a daily fresh fruit supplement. Handling difficulties and cage strengths necessitated the use of young, immature monkeys, up to about 1! years old. The bench and automatic-analyser ('AutoAnalyzer l'; Technicon Instrument Co. Ltd, Hamilton Close, Houndmills, Basingstoke, Hampshire) methods used are shown in Table 1 .
Blood samples were taken by venipuncture from the femoral vein or artery in the femoral triangle. The results shown in the histograms in this· paper were obtained from serum in preference to blood for urea and glucose, and plasma for sodium and potassium. This was done to minimise the volume of blood required, consequently the glucose results are somewhat reduced because of glycolysis, and the potassium results are slightly raised because of potassium diffusion from the red cells. 
PATAS MONKEY BIOCHEMISTRY

RESULTS
Urine
Patas urine is very dark compared to the human straw-coloured urine, and if a fresh sample of urine is left standing a darker layer often forms at the top due to the oxidation of melanogen to melanin. Melanogen, a degradation product of the amino-acid tyrosine, was identified by tests with ferric chloride, and silver nitrate, and by Thormahlen's nitroprusside reaction (Harrison, 1957) . Melanin is classically a black pigment, but some of the patas urines produced a brown pigment which subsequently turned black. The urine colour and its melanogen content effectively ruined any attempt to detect bile pigments with ferric chloride using Fouchet's reagent (Harrison, 1957) , and proprietary test tablets ('Ictotest'; Ames-Miles Laboratories Ltd, Stoke Court, Stoke Poges, Slough, Buckinghamshire) were used instead. }lowever, one of our test compounds reacted with these to produce a bright red-purple colour which would have masked the blue-purple colour denoting the presence of bile pigments. Currently multiple test strips ('Bili-Labstix:; Ames-Miles Laboratories Ltd) are being used and have not been affected by any of the compounds given to the monkeys.
Blood can be detected in the urine from time to time. In some cases this is thought to be due to contamination, but some monkeys have given persistent positive results whilst others have given only negatives .
. Faeces
Faeces are examined routinely for blood. The usual reagent strengths used in human work were found to be far too sensitive, and we have been using a filter paper smear method, with 0,5 % gum guaiac in acetic acid and hydrogen peroxide as the reagents (Wilkinson & Penfold, 1969) , a method which gives a trace positive result in untreated animals. The problem of occult blood detection in animal faeces has recently been discussed in some detail by Dent (1973a, b) .
Patas monkeys excrete porphyrin, an iron breakdown product, in their faeces (Rimington, 1958) . It is presumed that this is linked with the positive occult blood reaction, for there are similar problems associated with rat protoporphyrin, iron metabolism, and occult blood (Salmond & Gellatly, 1970) .
Serum
Figs 2-10 are based on the results collected during 3 years in periods of 3-9 months per animal, from 17. male and 17 female untreated patas monkeys. The methods shown in Table 1 were used throughout that time, although some have been changed since. All the methods were designed for human chemical pathology and many results would be considered grossly abnormal if found in a human subject (for instance melanogenuria and porphyria). A much wider range of values has been found than was expected from equivalent human data, and the necessity of using reduced or diluted sample volumes carries with it the possibility of introducing errors. Fig. 2 shows the large spread of urea values. In health the human range is quite small, finishing at about 45 mg/l00 ml; the large spread of 25-100 mg/ 100 ml was found in a single female monkey. Technically there were no problems as the range of the autoanalyser diacetyl-monoxime method extends to 300 mg/l00 mt. Serum glucose (Fig. 3 ) was determined simultaneously with the ureas, using ferricyan,iclereduction. The results are well over the accepted human value of 180 fig/IOO ml after a mixed meal, but fortunately are within the method limit of 300 mg/IOOml using neat blood or serum.
Alkaline phosphatases (Fig. 4) are reported in King-Armstrong (K-A) units, and were estimated using phenyl disodium orthophosphate as substrate in pH 10·0 buffer. Work done since this histogram was drawn has shown levels well over 200 K-A units. The human normal level is no more than 14 or 15 K-A units and even in disease rarely approaches the higher results found in these monkeys. Certain monkeys can show large fluctuations of phosphatase activity of the order of 40-60 units difference between testing periods of 2-6 weeks, whilst other monkeys have varied by only a few units over 6 months or more. Therefore there are problems not only in measuring phosphatase activity but also in trying to assess the significance of variation of activity in individual monkeys. The principal problem, that of determining values greater than 30 K-A units, was overcome by dialysing liberated phenol into sodium. hydrogen carbonate solution before developing the normal 4-aminophenazone colour reaction (Axelsson, Ekman & Knutsson, 1966 than this the serum is diluted, and for the sake of conformity a standardised dilution of 1 part in 3 parts of saline is used. Generally we have found excellent agreement between neat and diluted serum assays. Fig. 5 shows total proteins, estimated against a bovine albumin standard and using biuret reagent. No analytical problems have been encountered. Some monkeys have shown a peculiar nitrogen excretion phenomenon whereby when the urea level was high the total protein was in the lower region of the spread of results, but as the urea fell the total protein level rose. Electrophoresis showed that the gamma-globulin levels were fluctuating. These findings cannot be explained because while nearly all the monkeys had fluctuations of urea and total protein, not all showed the inverse relationship.
The wide range of sodium results (Fig. 6 contrast with the human range of 135-143 mmol/l. The range of potassium results (Fig. 7) , 3,0-7·4 mmol/I, is similarly larger than the rather tight human range of 3,4-4,5 mmol/l. All these results were obtained using a flame photometer (Mark Ill; Technicon Instrument Co. Ltd), and when results from experimental animals went beyond the range of the instrument the specimens were diluted and the recorder and flame photometer system recalibrated.
The potassium results are a little on the high side because it was not possible to separate serum from red cells as quickly as one would have liked. Undoubtedly this also happens in human clinical practice so that the difference between human and monkey serum potassium is probably a real .one. The potassium content of patas red cells was found to be 96 mmol/l against the human value of 89,6 mmol/l (Funder & Wieth, 1966a, b) . Thus the importance of avoiding haemolysis was established, together with the desirability of avoiding excessive delay in the separation of serum from red cells.
Serum total cholesterol levels ( Fig. 8 ) are within the limits found in human samples.
These results were obtained using a bench technique which has since been successfully automated. Aspartate aminotransferase (AST, formerly GOT) and alanine aminotransferase (ALT, formerly GPT) are serum enzymes associated with heart and liver disease in man. Both cause problems when measured in the patas monkey because the methods were specifically developed for man. The human 'normal' value using the colorimetric method (Table 1) is up to 12 mill i-units (mu) per ml, and calibration curves are valid up to about 90 mu/ml.
It was found that assays of the levels of activity of AST ( Fig. 9 ) and ALT (Fig. 10) , although 
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within the limits of the calibration curves, gave discordant results when duplicate assays were attempted. This created problems as reliable base-line values were necessary in order to detect changes in enzyme activity, and results showed that in the monkey these levels could be 8 times greater than in man. Advice from the kit manufacturer (Boehrihger) and experimental comparison showed that the surest way to obtain reproducible results was to use serum results (greater than about 360 mu/m!) can be determined using a dilution of • in 10 in water.
Fluctuating results can disguise trends, and the results in Table 2 from a female monkey given carbon tetrachloride (2'5 ml/kg bodyweight) show that although the ALT on day 14 was the same as the pretreatment level, the ratio of ALT to AST was not the same until day 21. 10 show the range of results encountered in apparently healthy patas monkeys, and results from many individual monkeys spanned the entire range shown.
Each separate trial of a promising pharmacologically active compound is performed in a set of monkeys which includes a control population consisting of a comparable group of previously unused monkeys.
It is not until experimental results fall outside the limits shown here that we can be moderately sure that the results were experimentally induced.
These methods derived from human clinical chemistry practice reveal that, as with the laboratory rat, the healthy patas monkey can show very wide variation in biochemical values, including the normal excretion of porphyrin and melanogen, which would be considered abnormal and pathogenic in the human subject.
It is difficult to explain satisfactorily the large variation in values encountered between individual monkeys.
They may be due to sub-specific differences among the monkeys studied, or to normal changes in enzyme activity related to the growth of these immature specimens.
